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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 

STATIC STABILITY AND CONTROL OF CANARD CONFIGURATIONS 
AT MACH NUMBERS FROM 0.70 TO 2.22 - LONGITUDINAL 
CHARACTERISTICS OF A TRIANGULAR 
WING AND UNSWEPT CANARD 
By Victor L. Peterson and Gene P. Menees 

SUMMARY 


The results of an investigation of the static longitudinal stability 
and control characteristics of a canard airplane configuration are pre- 
sented ■without analysis for the Mach number range from 0.70 to 2.22. 

The configuration consisted of an aspect ratio 2.0 triangular wing, an 
aspect ratio 3-0 unswept canard, a low aspect ratio vertical tail, and a 
Sears-Haack body. The hinge line of the canard was in the extended chord 
plane of the wing, 1.15 wing mean aerodynamic chords ahead of the refer- 
ence center of moments. The ratio of the area of the exposed canard 
panels to the total area of the wing was 8.1 percent. Data are presented 
for various combinations ot the canard, wing, and vertical tail for an 
angle -of -attack range from -6° to +18°. The canard deflection angles 
ranged from 0° to +20°. 


INTRODUCTION 


The possible gains to be realized at supersonic speeds in the form 
of reduced trim drag and increased maneuverability by the use of canards 
rather than conventional tail -aft controls have resulted in increased 
interest in these arrangements. Therefore, an extensive research program 
aimed at determining the static longitudinal and directional character- 
istics of a number of canard configurations has been undertaken by the 
NACA. 


A part of the program conducted at the Ames Aeronautical Laboratory 
was directed at determining the effects of canard plan form. This report 
is one of a series pertaining to the program and presents without analy- 


sis the longitudinal eharact 


of one complete configuration and 
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its component parts. This configuration, -which differed from that of 
reference 1 only in the canard plan form, consisted of an aspect ratio 2.0 
triangular wing, an aspect ratio 3.0 unswept canard, a low aspect ratio 
vertical tail, and a Sears -Haack hody. 

The longitudinal stability and control characteristics for a similar 
configuration with an aspect ratio 2,0 triangular canard are presented in 
reference 1. Results from another phase of the investigation are reported 
in reference 2. 


NOTATION 


a.c. 


aerodynamic center determined at = 0, percent c 


c 


mean aerodynamic chord of wing, ft 


c c 


C D 

% 

C L 

C I*. 

Cm 


C *c 



canard root chord, ft 
drag coefficient, 
drag coefficient at zero lift 
lift coefficient, 

qS 

lift-curve slope taken through zero angle of attack, per deg 

pitching-moment coefficient, . IPPP 16 . ?^ } referred to the 

qSS 

projection of the 0 . 15 c point on the fuselage reference line 
(Center of moments for data in ref. 1 was obtained by projection 
of the 0.21c point on fuselage reference line.) 

canard hinge-moment coefficient, cgf^rd hinge moment^ re f erred 

qSc( C c/2) 

to the projection of the 0 . 50 c c point on the fuselage 
reference line 

force coefficient normal to canard, canard normal force 

qS 


maximum lift -drag ratio 


M 


free-stream Mach number 


q 


free-stream dynamic pressure^ “Ib/sq. ft 
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5 wing area formed by extending the leading and 'trai ling edges 

to the plane of symmetry, sq ft 

S c canard exposed area, sq ft 

a angle of attack of wing root chord, deg 

6 angle of deflection of the canard with respect to the extended 

wing chord plane, positive when trail in g edge is down, deg 

Configurations are denoted "by the following letters used in 
combination: 

B body 

C canard 

V vertical tail 

W wing 


APPARATUS AND MODEL 
Test Facility 


The experimental data were obtained in the Ames 6- by 6 -foot 
supersonic wind tunnel which is a closed-circuit variable-pressure type 
with a Mach number range continuous from 0.70 to 2.22. A recent modi- 
fication involved perforating the test -section floor and ceiling and 
adding a boundary-layer removal system to enable uniform flow to be 
maintained at transonic and low supersonic speeds. At the same time 
injector flaps were installed downstream of the test section to extend 
the upper Mach number limit by reducing the required compression ratio 
across the nozzle and by better matching the weight flow characteristics 
of the nozzle with those of the compressor. 

Analysis of the results of an extensive survey of the modified 
wind-t unn el characteristics, although, incomplete, is sufficiently com- 
plete to establish the validity of the results of the present investigation. 


Description of Model and Balances 


The sting -mounted model consisted of an aspect ratio 2.0 triangular 
wing, an aspect ratio 3.0 unswept canard, and a low aspect ratio vertical 
tail, all mounted on a fineness ratio 12.5 Sears -Haack body. A dimensional 
sketch of the model is shown in figure 1(a) . The wing and vertical tail 
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had NACA 0003-63 sections streamwise and the constant thickness canard, 
detailed in figure 1(b), had beveled leading and trailing edges. The 
canard, which was pivoted about the 0.50 canard root chord, was mounted 
in the extended wing chord plane 1.15 wing mean aerodynamic chords ahead 
of the reference center of moments (0.15c). The ratio of the area of 
the exposed canard panels to the total area of the wing was 8.1 percent 
and the ratio of the total areas was 11.5 percent. The wing, canard, 
and vertical tail were of solid steel construction to minimize aeroelas- 
tic effects . The surfaces were, polished to give a smooth surface and 
further treated to prevent corrosion. 

The fuselage was cut off as shown in figure 1(a) to accommodate the 
sting and the six-component strain-gage balance which measured forces 
and moments on the entire configuration. Canard normal forces and hinge 
moments were obtained from a two -component strain-gage balance mounted 
in the nose of the fuselage. The canard, wing, and vertical tail were 
removable, enabling data to be taken which would permit an evaluation of 
the contribution of each of the component parts of the model and the 
interference between parts. 


TEST AND PROCEDURES 
Range of Test Variables 


Mach numbers of 0.J0, 0.90, 1.00, 1.10, 1.30, 1.70, and 2.22 were 
covered in the investigation. The test Reynolds number based on the 
wing mean aerodynamic chord was 1.84 million at Mach numbers of 1.00 and 
1.10, and 3.68 million at all other Mach numbers . The smaller Reynolds 
number at transonic speeds was necessary because of model structural 
limitations . 

At the relatively low Reynolds numbers at which most wind tunnels 
operate, extensive regions of laminar flow can exist on models at zero 
lift. At lifting conditions the transition points on the model surfaces 
usually move forward, thus causing a change in friction drag with chang- 
ing lift coefficient which is difficult to evaluate said, moreover, not 
necessarily representative of full scale. In order to induce transition 
at fixed locations on the component parts, a 0.010-inch -diameter wire 
was placed on the wing and 0 . 005 -inch -diameter wires were affixed to the 
canard and vertical tail in the locations shown in figure 1(a). When 
the model wa6 tested with the canard off, a 0.010 -inch -diameter wire was 
located on the body 4 inches from the nose. The wire sizes were selected 
on the basis of the results of reference 3. Although there is no conclu- 
sive evidence as to the magnitude of the form drag increment contributed 
by the transition wires, previous studies have indicated this increment 
to be not more than 0.0010. All of the data presented herein are for 
transition-fixed conditions . 
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Reduction of Data 


The data presented herein have been reduced to standard HACA 
coefficient form. The moment center for data presented herein was chosen 
so that the minimum static margin in the range of trim lift coefficients 
between 0 and 0.5 throughout the Mach number range investigated was 
0 . 03 c; the resulting moment center was at the 0.15 point of the wing mean 
aerodynamic chord. 1 The canard hinge moments were computed about a hinge 
line located at the 0.50 point of the canard root chord. Factors which 
affect the accuracy of the results are discussed in the following 
paragraphs . 

Stream variations . - Surveys of the stream characteristics of the 
Ames 6- by _ 6-foot supersonic wind tunnel showed that in the region of 
the test section, essentially no stream curvature existed in the pitch 
plane of the model and that axial static -pres sure variations were usually 
less than ±1 percent of the dynamic pressure. This static-pressure var- 
iation resulted in negligible longitudinal -buoyancy corrections to the 
drag of this model. Therefore, no corrections for stream curvature or 
static-pressure variation were made in the present investigation. 

From a test of the model in the normal and inverted attitudes, a 
stream angle, which was less than ±0.30° throughout the Mach number range, 
was found to exist in the pitch plane. The data presented herein have 
been corrected for these stream angles which correlated closely with 
those obtained from a cone survey. 

Support interference .- The effects of model support interference on 
the aerodynamic characteristics were considered to consist primarily of 
a change in the pressure at the hase of the model. However, the drag 
data presented herein contain no hase drag component since the hase pres- 
sure was measured and the drag was adjusted to correspond to that in 
which the base pressure is equal to the free-stream static pressure; 
therefore, no corrections were made to take into account support 
interference . 

Tunnel -wall interference . - Tie effectiveness of the perforations in 
the wind-tunnel test section in preventing choking and absorbing reflected 
disturbances at transonic and low supersonic speeds has been established 
experimentally. Unpublished data from the wind-tunnel calibration indi- 
cate that reliable data can be obtained throughout the Mach* number range 
if certain restrictions are imposed on the model size and attitude. The 
configurations and methods of testing used in the present investigation 

X A similar stability criterion was used to select the center of 
moments for the data presented in reference 1; the resulting center of 
moments was, however, at the 0.21 point of the wing mean aerodynamic 
chord. 
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conform to these restrictions so that data at transonic and low supersonic 
speeds are reasonably free of interference effects. Thus, no corrections 
for wall interference have been made. 


RESULTS 


The results are presented in this report without analysis in order 
to expedite publication. All of the experimental data are tabulated in 
tables I and II. Selected portions of the data are presented in figures 2 
through h. Lift, drag, and pitching -moment characteristics are presented 
in figure 2 for several test Mach numbers for the canard on and off. Fig- 
ure 3 shows the variations of canard normal forces and hinge moments as a 
function of angle of attack at constant canard deflection angles. Summa- 
rized in figure 4 are the lift-curve slopes, maximum lift-drag ratios, 
minimum drag coefficients, and aerodynamic centers as a function of Mach 
number for the canard on at zero deflection and for the canard off. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., Nov. 2 6 , 1957 
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TABLE I. - AERODYNAMIC CHARACTERISTICS WITH THE WHIG ON 

(To) BVWC; S • 0.3° 


Continued 


-6.3 -0.329 
-4.2 -.213 
-2.1 -.110 
-.8 -.049 
.3 -.002 

1.7 .060 

3.9 .161 

5.8 .264 

7-8 . 373, 

9.8 ,494| 

11.9 .610' 

L3.8 .717 

.824 
.950 


0.0436 
.0246 
.0155 
.0121 
.0116 
.0125 
.0185 
.0332 
• 0557 
.0882 
.1301 
.1761 
.2313 
.3030 


-.348 0.0463 
-.227 . 0258 


0.0524 
.0326 
.0218 
.0191 
.0188 
.0229 
.0332 
.0536 
.0794 
587 .1185 
704 .1644 

808 .2148 
906 .2734 
009 .3429 

342 .0547 
231 .0351 
120 .0241 

o4o .0211 
013 .0197 
.0227 

.0293 
. 04^2 
.0734 
.1098 
.1513 
.1989 
.2529 

• 3115 


0.0296 
.0207 
.0130 
I .0096 
1 .0066 
•0037 
-.0028 
-.0102 
-.0184 
-.0309 
-.0545 
-.0799 
-.1009 
-.1216 

0.0364 

.0257 

.0160 

.0103 

.0057 

.0001 

-.0096 

-.0183 

-.0345 

-.0529 

-.0920 

-.1325 

-.1699 

-.2083 

0.0626 
.0438 
.0246 
.0104 
.0009 
-.0152 
-.0340 
-.0551 
-.0734 
-.0944 
-.112 6 
-.1308 
-.1472 
-.1773 


■0 . 0412 
-.0271 
-.0139 
-.0054 
.0008 
.0096 
.0225 
.0352 
.0486 
.0596 

.0615 

.0607 

.0627 

.0676 


-O.1329 

-.1033 

-.0520 

-.0203 

-.0021 

.0272 

.0836 

.1236 

.1314 

.1184 

.0798 

.0591 

.0593 

.0612 



c m 


H 

-tf 

0 

d 

0.0450 

-0.0382 

.0291 

.0313 

-.0271 

.0200 

.0146 

-.0143 

.0175 

.0055 

-.0058 

*0171 

-.0014 

.0009 

.0195 

-.0111 

.0097 

• 0270 

-.0267 

.0225 

.0422 

-.0421 

.0342 

.0647 

-.0581 

.0466 

•0957 

-.0735 

.0581 

.1311 

-.0886 

.0679 

.1742 

-.1049 

.0780 

.2275 

-.1246 

.0864 

.2798 

-,l4oi 

.0944 

0.04ll 

0.0375 

-.0296 

.0277 

• 0279 

-.0208 

.0193 

.0161 

-•0111 

.0163 

.0075 

-.0044 

.0158 

.0019 

.0003 

.0173 

-.0064 

.0074 

.0238 

-.0182 

.0171 

.0362 

-.0296 

.0268 

.0539 

“•0399 

.0364 

.0756 

-.0501 

.0449 

• 1051 

-.0608 

.0540 

.1377 

-.0710 

.0620 

.1776 

-.0814 

.0701 

.2213 

-.0920 

.0771 

.0323 

.0269 

-.0204 

• 02X7 

.0182 

-.0135 

.0158 

.0094 

-.0072 

• 0l4l 

.0025 

-.0025 

.0142 

-.0033 

.0011 

.0161 

-.0107 

.0058 

.0224 

-.0196 

.0128 

.0330 

-.0269 

.0194 

.0483 

-.0340 

.0263 

.0677 

-.0408 

.0339 

.0919 

-.0462 

.o4n 

.1197 

-.0516 

.0482 

.1526 

-.0565 

.0553 

.1889 

-.0617 

.0622 
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CABLE I.- AERODYNAMIC CHARACTERISTICS WITH CHE WING ON - Continued 

(c) BWC; 8 = 2 k 7° 
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TABLE I.- AERODYNAMIC CHARACTERISTICS WITH THE WING- ON 

(d) BVWCj S = 10 . 1 ° 


Continued 


0.70 -6.2 -0.310 
-2.2 -.097 
-.3 


6.0 

9.8 .493 

13.8 .720 

17.9 .958. 


0.90-6.1 

- 2.0 


1.00 - 5.8 

-1.9 



°Zc 


0.0947 

0.0090 

0.0432 

.0781 

.0350 

.1178 

.0695 

• 046o 

,1222 

.0632 

.0184 

.0584 

.0748 

-.0271 

.0623 

.0650 

-.0681 

.0691 

.0689 

-.1081 

.0789 

.0683 

.1186 

.0101 

.0633 

.0912 

.0430 

.1473 

.0827 

.0590 

.1542 

.0733 

.0709 

.1547 

.0170 

.0707 

.0719 

-.0441 

.0775 

.0541 

-.1141 

.0831 

.0471 

-.1883 

.0898 

.0438 

.1464 

.0146 

.0451 

.1021 

.0446 

.0849 

.0805 

.0581 

.0937 

.0584 

.0709 

.0944 

.0956 

.0214 

.0853 

-.0430 

.1027 

.0591 

-.0988 

.1130 

.0323 

-.1591 

.1231 

.0170 

.1437 

.0127 

.0390 

.ioe5 

,04l8 

.0727 

.0916 

.0528 

.0773 

.0691 

.0647 

.0830 

.0339 

.0865 

.0767 

-.0367 

.0947 

.0576 

-.1088 

.1044 

.0323 

-.1315 

.1133 

.0180 


M 

a, 

deg 

°L 

°D 

Cm 


C hc 

1.30 

-6.0 

-0.289 

0.0457 

0.1243 

0.0125 

0.0342 


-1.8 

-.091 

.0249 

.0886 

.0380 

.0492 


.1 

-.018 


.0751 

.0481 

.0536 


2.0 

.064 

.0274 

.0622 

.0588 

.0589 


6.1 

.270 

.0568 

.0243 

.0777 

.0652 


10.0 

.473 

.1129 

-.0162 

.0947 

.0560 


1^.1 

.671 

.1966 

-.0616 

.1072 

.0453 


18.2 

.860 

.3092 

-.1276 

.1109 

.0180 

1.70 

-6.2 

-.235 

.o4o4 

.1021 

.0114 

.0187 


-2.2 

-.086 

•0237 

.0784 

.0298 

.0304 


-.2 

-.015 

.0226 

.0659 

•0391 

.0327 


1.8 

• 057 

.0259 

•0553 

.0477 

.0358 


5.9 

.222 

.0493 

.0278 

.0641 

.0467 


9.9 

.377 

.0936 

.0008 

.0787 

.0427 


13.8 

.527 

.1589 

-.0250 

.0930 

.0325 


18.0 

.665 

.2460 

-.0531 

.1042 

.0218 

2.22 

-5.8 

-.168 

.0311 

.0740 

.0104 

.0128 


-1.5 

-.039 

.0191 

.0540 

.0243 

.0140 


.4 

.015 

.0191 

.0458 

.0310 

.0126 


2.3 

.073 

•0235 

.0380 

.0375 

.0159 1 


6.3 

.201 

.0447 

.0219 

.0522 

.0243 1 


10.1 

.319 

.0813 

.0082 

.0657 

.0319 


14.3 

.436 

.544 

• 1373 

-.0087 

.0778 

.0346 


18.3 

.2078 

-.0246 

.0890 

.0298 
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TABLE I.- AERODYNAMIC CHARACTERISTICS WITH THE WING ON - Continued 

(e) BVWC; S = 20.0° 


M 

a, 

deg 


°D 

Cm 

°Zc 


M 

CL, 

deg 

°L 

°D 

Cm 


C bc 

0.70 

-6.3 

-0.296 

0.0562 

0.1469 

0.0495 

0.1234 

1.30 

-6.0 

-0.280 

0.0626 

0.1864 

0.0539 

0.0654 


-2.2 

-.086 

.03H 

.0988 

.0539 

.0787 


-1.9 

-.095 

.oW 

*1399 

.0678 

.0702 


-.2 

-.005 

-0303 

.0792 

.0554 



.1 

-.014 

.0447 

.1191 

.0745 

.0635 


1.8 

.070 

.0324 

.0637 


-0752 


2.0 

.058 

.o4er 

.0998 

.0806 

.0572 


5.8 

.260 

.0564 

.0278 

.06Vf 

.0742 


6.1 

.261 

.0756 

.0507 

.0894 

.0396 


9.8 

.479 

.1109 

-.0124 

.0703 

.0756 


10.1 

..472 

.1338 

.0001 

.0979 

.0193 


13.8 

.704 

.2014 

-.0509 

.0786 

.0677 


14.2 

.675 

.2190 

-.0633 

.1054 

.0115 


17.8 

-935 

.3290 

-.0905 

.0870 

-0591 


18.1 

.853 

.3274 

-.1185 

.1116 

.0008 

0.90 

-5.9 

-.303 

.0577 

.1634 

.0528 

.1132 

1.70 

-6.2 

-.218 

.0542 

.1534 

.OWt 

.0536 


-2.0 

-.087 

.0349 

.ll4l 

.0634 

.0738 


-2.1 

-.078 

.0405 

.1240 

.0580 

.0583 


.1 

0 

-0339 

.09H 

.0657 

.0648 


-.1 

-.013 

.0409 

.1082 

.0639 

• 0583 


2.0 

.084 

-0377 

.0761 

.0701 

.0643 


1-8 

.053 

.0441 

.0942 

.0698 

•0530 


6.1 

.297 

.0674 

.0282 

.0762 

.0599 


5.8 

.221 

.0691 

.0630 

.0809 

.0421 


10.0 

.530 

.1297 

-.0247 

.0817 

.0503 


9.8 

.379 

.1152 

.0304 

.0904 

.0224 


14.1 

.789 

.2347 

-.0954 

— 

— 


13.9 

.524 

.1802 

-.0102 

.0964 

.0109 


:18.1 

1.019 

.3706 

-.1666 

.0951 

.0363 


17-9 

.649 

.2619 

[-.0437 

.1045 

-.0044 

1 1.00 

-5*8 

-.335 

.0725 

.2182' 

.0629 

.0964 

2.22 

-5.7 

-.145 

.0426 

[ .1147 

.0389 

.0302 


“1*7 

-.089 

.0472 

.1534 

.0773 

.0815 


-1.7 

-.031 

.0344 

.0960 

.0507 

.0354 


*3 

.007 

.0462 

.1171 

.0829 

.0706 


.3 

.023 

.0360 

j .0851 

.0559 

.0402 


2.2 

.103 

.0499 

.0884 

.0849 

.0534 


1 2.2 

.083 

.0405 

I .0751 

.0613 

.0438 


6.3 

.327 

.0825 

.0358 

.0949 

-0339 


1 6.3 

.211 

.064o 

.0546 

.0712 

.0486 


10.2 

.564 

.15061 

-.0226 

.1071 

.0243 


10.3 

.329 

•104o 

.0351 

.0797 

♦04o4 


lk.3 

.792 

.2497 

-.0892 

.1103 

.0166 


ilk. 3 

.438 

.1590 

.0153 

.0880 

.0268 


18.2 

.990 

.3753 

-.1502 

.1134 

.0090 


18.3 

.538 

.2279 

-.0055 

.0946 

.0107 

1.10 

-6.0 

-.334 

.0738 

.2125 

.0608 

.0863 









-2.0 

-,12k 

.0503 

.1659 

.0754 

.0746 









.1 

-.023 

.0477 

.1322 

.0776 

.0641 









2.0 

.0^9 

.0518 

.1028 

.0803 

.0524 






| 


i 

6.1 ! 

.311 

.0853 

.0325 

.0911 

.0325 



1 



1 


i 

10.0 1 

.542 

.1489 

-.0262 

.1015 

.0212 






1 



ik.l' 

.779 

.2438 

-.1064 

.1030 

.0128 
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18.1 1 

.950 

.3565 

-.1320 

.1072 

.0080 
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TABLE I,- AERODIHAMIC CHARACTERISTICS WITS THE WING ON - Concluded 

(f) BW 



K 


5 

52 


» • 


4 9 





















TABLE H.- AERODYNAMIC CHARACTERISTICS WITH THE WHTO OFF 

(a) BV 

























































TABLE II.- AERODYNAMIC CHARACTERISTICS WITH THE WING OFF - Continued 

(b) BVCj 5=0° 
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CABLE II.- AERODYNAMIC CHARACTERISTICS WI3E CEE WUKJ OFF - Continued 

(c) BVC; & - 4.7° 
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TABLE II.- AERODYMMIC CHARACTERISTICS WITH THE WHIG OFF - Continued 

(a) BVC; 5 = 10.1° 
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TABLE IX.- AERODYNAMIC CHARACTERISTICS WITH THE WINS OFF - Concluded 

(e) BVC; 5 = 20.0° 


si C D 


0.70 - 6.1 
- 2.2 
-.1 
1.6 

5.7 

9.7 
13.5 


0.90 -5.8 
-1-9 


0.056s 

.0677 

.0741 

.0610 


.ioo4 .1913 


^ 9d Oj# 


-5.8 Q.055 
-1.9 .081 


0.0630 

.0944 

.1088 

.1221 

.1421 

.1644 

.1805 

.1937 


B 

°D 

C* 

0.032 

0.0200 

0.0^3 

.056 

.0239 

.0602 

.066 

.0305 

.0808 

.077 

.0356 

.0914 

.093 

.0468 

.1127 

.112 

.0618 

.1346 

.138 

.0807 

.1516 

.169 

.1044 

.1654 


I — 

-3 
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(a) Dimensional sketch of complete model. 
Figure 1.- Model details and dimensions. 
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(a) M » 0.70 

Figure 2,- Lift, drag, and pitching -moment characteristics for the canard oa and deflected and 

the canard off. 
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(c) M = 1.00 
Figure 2.- Continued. 
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(d) M - 1.30 
Figure 2 .- Continued. 
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(e) M = 2.22 
Figure 2.- Concluded. 
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(c) M = 1.00 
Figure 3 . - Continued 
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(d) M = 1.30 
Figure 3 .- Continued. 
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(e) M = 2.22 
Figure 3-- Concluded. 
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